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FOREWORD 


A  new  rain  simulation  facility  was  installed  at  the  Test  Track 
at  Holloman  AFB,  New  Mexico  in  1973  and  a  comprehensive  test 
effort  was  performed  subsequently  to  establish  and  chart  its 
characteristics.  A  total  of  approximately  15,000  measurements 
were  taken  and  evaluated  in  the  course  of  this  effort. 

This  report  was  prepared  by  Mr.  Friedrich  P.  Ehni. 

Capt  Donald  E.  Schenk  was  Test  Manager  of  the  project  and 
designed  the  test  set  up. 

Mr.  Robert  T.  Stouffer  was  in  charge  of  the  data  processing. 

He  performed,  with  the  help  of  temporary  employees,  the  extremely 
tedious  work  of  transferring  the  test  information  from  paper 
printout  to  punched  cards  and  applying  the  necessary  quality 
checks.  He  also  rewrote  and  expanded  existing  computer  programs 
for  use  on  the  local  computer  (PDP  11),  developed  new  programs, 
all  those  for  statistical  evaluation,  and  wrote  two  in-house 
papers  which  formed  the  basis  of  this  report. 


ABSTRACT 


The  Holloman  AFB,  New  Mexico  Test  Track  Rain  Simulation  Facility, 
extends  over  one  rail  of  the  50,000  ft  track  in  sections  of 
400  ft  length  up  to  a  total  length  of  IB, 000  ft.  An  overview  of 
the  physical  layout,  control  set-up,  test  set-up  and  test 
instrumentation  is  given.  Performance  data  expressed  in  terms 
of  drop  number  distribution  over  eight  drop  size  classes  from 
0.5  to  4  mm,  equivalent  rain  rate,  liquid  water  content,  and 
median  mass  diameter  are  presented;  and,  the  constants  of  a 
least  square  exponential  approximation  to  drop  size  distribution 
are  included  for  nine  rows  of  sample  volume  locations.  Also 
included  are  graphs  for  the  estimation  of  the  number  and  size  of 
drops  encountered  by  a  test  specimen  moving  through  the  rain  field. 
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1.  INTRODUCTION 


The  purpose  of  this  report  is  to  furnish  information  on  the 
setup  and  performance  of  the  Holloman  Test  Track's  Artificial 
Rainfield.  The  rainfield  provides  a  simulated  rain  environment 
over  the  west  rail  of  the  50,000  ft  long  test  track.  It  is  set 
up  to  routinely  cover  a  length  up  to  6,000  ft  in  400-ft  increments 
but  can  be  extended  up  to  18,000  ft.  The  rainfield  consists  of 
removable  400-ft  sections  with  water  control,  manifolds,  risers, 
and  spray  heads. 

The  performance  of  the  rainfield  depends  on  controlled 
conditions  such  as,  for  instance,  length,  water  pressure,  and 
sprinkler  type,  and  on  uncontrollable  conditions,  primarily  wind, 
which  have  a  significant  effect  on  the  simulated  rain.  In  order  to 
measure  rainfield  performance  undisturbed  by  wind,  a  20-ft  model 
section  which  simulated  one  representative  8-ft  modular  length  of 
the  actual  rainfield  was  set  up  in  a  sheltered  environment  off  the 
track.  To  obtain  performance  data  which  could  be  compared  with 
those  of  natural  rain,  the  water  drop  size  distribution  was 
measured.  Other  parameters  such  as  liquid  water  content,  equivalent 
rain  rate  and  statistical  characteristics  were  derived  from  these 
measurements. 

2.  MECHANICAL  LAYOUT  OF  THE  RAINFIELD 


The  layout  of  the  artificial  rainfield  is  essentially  based  on 
a  study  performed  by  Inca  Engineering  Corporation  under  Air  Force 
Contract  F29600-70-0020  with  its  final  report  "Four  Hundred  Foot 
Prototype  Rainfield  for  the  AFSWC  Rain  Simulation  Facility." 
However,  for  reasons  of  cost  vs  performance,  only  two  mainfolds 
with  different  height  risers  and  nozzle  types  were  installed 
instead  of  the  four  recommended  in  the  study.  A  detailed 
description  of  the  rainfield  layout  is  presented  in  Appendix  A. 

3.  LAYOUT  OF  TEST 


In  the  past,  testing  of  artificial  rainfield  performance  was 
conducted  on  400-ft  sections  at  selected  locations  of  the  track. 
However,  various  difficulties  inherent,  in  track  testing  limited  the 
amount  of  collected  data  and  their  validity.  Some  of  these 
difficulties  were: 

a.  Test  planning  had  to  fit  into  sled  run  schedules,  test 
periods  were  time  limited,  and  in  case  of  too  high  winds,  tests 
had  to  be  postponed  and  rescheduled. 

b.  Tests  were  more  time  consuming  since  the  rain  drop  counter 
with  instrument  trailer  had  to  be  lifted  to  and  removed  from  the 
rails  for  each  test. 
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c.  More  people  were  involved  during  tests  than  in  the  testing 
of  the  model  section  since  the  central  control  station  had  to  be 
manned  for  water  control . 

d.  Wind  was  present  during  most  tests.  This  caused  a  wider 
spread  of  test  data  and  obscured  the  analysis  of  data  for  varia¬ 
bility  of  performance  with  respect  to  sample  locations  relative  to 
sprinklers  and  rail  and  for  different  type  nozzles. 

Although  performance  testing  of  the  artificial  rainfield  at 
"live"  sections  at  the  track  may  yield  more  realistic  results,  the 
considerations  above  led  to  the  decision  that  for  establishing  base 
line  data,  the  tests  had  to  be  performed  in  a  laboratory  type  of 
environment.  Therefore,  a  20-ft  long  section  of  the  artificial 
rainfield  was  installed  in  a  wind  protected  area  off  the  track. 

Since  the  spray  patterns  of  adjacent  sprinklers  are  overlapping,  an 
8-ft  portion  centered  in  the  20-ft  rainfield  section  was  used  for 
all  tests.  Test  samples  were  taken  from  locations  of  a  3-dimensional 
array  along  and  above  the  simulated  rail  over  one  complete  cycle  of  the 
spray  configuration.  Compared  to  earlier  tests  at  the  track,  the 
measurements  and  test  procedures  were  much  simplified  as  ambient 
conditions  were  under  control,  communication  problems  were  reduced 
since  all  metering  and  controls  were  at  one  location,  and  test 
scheduling  was  independent  of  use  of  the  track  for  sled  runs.  This 
test  setup  made  it  possible  to  collect  considerably  more  data  yielding 
much  closer  estimates  of  rainfield  performance  than  would  have  been 
feasible  from  tests  at  the  Track.  Details  of  the  test  layouts  are 
presented  in  Appendix  B. 

4.  TEST  PROCEDURE 


For  the  physical  layout  of  the  test  field  see  Appendix  B.  The 
basic  test  instrument  used  for  data  collection  was  the  droplet 
counter  designed  and  constructed  for  the  Track  by  the  Illinois 
Institute  of  Technology  Research  Institute  (IITRI)  (Reference  2). 

The  droplet  counter  projects  the  shadow-image  of  a  defined  volume  of 
the  rainfield  on  the  screen  of  a  TV  image  tube.  The  image  is  scanned 
similar  to  a  TV  process.  The  video  output  consists  of  two  voltage 
levels,  one  representing  intercept  with  the  shadow  of  a  droplet,  the 
other  one  representing  no  presence  of  a  droplet.  The  time  duration 
for  each  droplet  intercept  is  measured,  its  location  on  the  screen 
stored,  and  each  event  of  the  longest  intercept  associated  with  each 
droplet  location  transferred  to  one  of  eight  counters  according  to 
its  duration/droplet  size.  The  instrument  is  set  to  process  7.5 
frames  per  second.  For  these  specific  tests  the  eight  drop  size 
categories  were  set  from  0.5  to  4  mm  +  0.25  mm  each.  The  data  output 
of  the  droplet  counter  is  a  digital  printout  of  the  number  of  droplets 
in  the  eight  drop  size  categories.  (An  automatic  punched  card  output 
will  be  available  for  future  measurements.)  The  volume  sampled  with 
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every  frame  was  set  to  an  area  of  2.875  in  x  3.281  in  and  a  depth 
of  4.0  in  amounting  to  37.73  cubic  in  or  618.3  cubic  centimeters. 
With  the  instrument  set  to  count  over  a  period  of  10  seconds  (75 
frames)  for  one  printout,  a  volume  of  .04637  cubic  meters  or  1.638 
cubic  feet  per  sample  was  tested.  At  each  sample  location 
(Appendix  5,  Figure  82  and  83)  a  total  of  50  ten-second  samples 
were  taken  representing  a  total  sampled  volume  of  2.319  cubic  meters 
or  81.9  cubic  feet. 

5.  DATA  EVALUATION  METHODS 


The  evaluation  of  the  test  data  had  to  meet  the  following 
objectives: 

a.  Arrive  at  a  set  of  baseline  data  which  characterize  the 
artificial  rainfield  performance  in  terms  of  droplet  distribution 
within  the  space  traveled  by  test  specimens. 

b.  Derive  data  which  are  required  to  compare  rainfield  performance 
with  natural  rain. 

c.  Provide  a  set  of  data  which  allow  an  estimation  of  the  droplet 
population  intercepted  by  a  test  specimen  of  given  size  and  position 
relative  to  the  rail,  traveling  through  a  defined  length  of  rainfield. 
Several  computer  programs  were  applied  to  process  the  test  data. 
Selection  of  characteristic  terms,  the  equations  and  computer  programs 
followed  in  part  the  recommendations  of  a  study  made  for  the  Air  Force 
by  Mueller  and  Sims  (Reference  3).  The  equations  incorporated  in  the 
evaluation  programs  are  presented  below. 

5.1  The  Edge  Correction. 

The  droplet  counter  introduces  certain  errors  in  the  droplet 
count  distribution  which  are  relatively  small  and  cannot  be  corrected 
by  deterministic  methods.  Some  of  these  errors  are: 

a.  Droplets  being  shadowed  partially  or  completely  by 
other  droplets  being  located  along  the  same  line  of  sight. 

b.  Droplets  being  located  so  close  to  other  droplets  along 
scan  lines  that  the  logic  system  does  not  differentiate  between  them 
and  thus,  for  instance,  counts  two  close  droplets  as  one  (larger) 
droplet. 


c.  Droplets  intersected  by  the  edges  of  the  viewing  window. 
If  these  droplets  appear  with  less  than  one-half  within  the  window, 
they  are  registered  in  a  smaller  drop  size  category. 

The  probability  for  errors  of  type  a.  and  b.  can  be  kept  very 
small  as  long  as  the  droplet  density  is  reasonably  limited  by  setting 
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the  depth  of  the  sample  (hood  opening  of  the  counter)  volume  not 
too  large.  Errors  of  type  c.  are  corrected  statistically  by  an 
algorithm  suggested  by  IITRI  (Reference  2)  referred  to  as  edge 
correction.  The  algorithm  is  given  in  Appendix  C.  The  edge 
correction  was  applied  to  all  droplet  counter  data  before  further 
processing. 

5.2  Liquid  Water  Content  (LWC). 

The  liquid  water  content  is  the  sum  of  the  water  content 
(in  grams)  of  all  droplets,  normalized  to  a  volume  of  air  of  one 
cubic  meter.  The  droplets  are  assumed  to  be  of  spherical  shape. 
With  specific  weight  of  one  for  water  and  an  equal  distribution 
of  droplet  diameters  within  each  droplet  size  class  D  +  ad  the 
mean  water  content 

Mi  =  Ni-  ^  [(D,-  +  AD)3  +  (D^  -  AD) 3] 

where 

Nj  "  /  Vg 


is  the  normalized  droplet  count  for  1  m^  and  n.-  is  the  edge  corrected 
number  of  droplets  of  class  i  counted  in  the  total  sampled  volume  V- 
of  the  droplet  counter.  ^ 


Vg  =  AHt  7.5 

where 

A  -  window  area  of  droplet  counter  sample  volume 
B  -  hood  opening  (depth) of  droplet  counter  sample  volume 
t  -  total  sample  time 

The  number  7.5  is  the  rate  of  exposures  per  second  of  the  droplet 
counter 


The  liquid  water  content  is 


i 
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The  mass  in  %  of  the  liquid  water  content  ,  and  the  accumulated 
mass  in  %  of  the  liquid  water  content  M.-y  >  are  derived  from  M,-  and 
LWC:  ^ 


=  lOOM^  /  LWC 


5.3  Meoian  Mass  Diameter  (MMD). 

The  median  mass  diameter  is  frequently  used  as  a  character¬ 
istic  of  rain/sprays.  It  is  the  droplet  diameter  which  divides  the 
total  liquid  water  content  into  two  equal  parts. 


MMD  =  Dj  +  2AD 


50  ~ 

+  1)  ■ 


The  index  j  denotes  the  largest  class  diameter  D  with  an  accumulated 
mass  of  less  than  50%  of  the  total  mass. 

5.4  Average  and  Standard  Deviation. 

Important  statistical  characteristics  of  the  artificial 
rainfield  are  the  mean  normalized  droplet  count  p.  over  m  identical 
measurements  ’ 


ni 


i  =  1 


and  the  standard  deviation  in  each  size  class 


5.5  Relation  of  Droplet  Distribution  to  Natural  Rain  Rate. 

In  order  to  establish  a  relation  of  the  droplet  distribution 
measured  by  the  droplet  counter  to  natural  rain,  the  rain  rate  is 
computed  which  would  result  from  the  same  droplet  distribution  if 
obtained  from  natural  rain.  To  obtain  this  equivalent  rain  rate  the 
water  content  of  each  droplet  size  class  is  multiplied  by  the 
terminal  velocity  of  droplets  of  that  class. 
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Gunn  and  Kinzer  (Reference  4)  give  empirical  data  on  the 
terminal  velocity  of  raindrops  approximated  by  a  power  series 
(Clark  and  Moyers)  as 


V,  =  Co  +  C,Di  +  CjDi^  +  CjOi^  +  CoDj- 

(V-j  in  m/sec  and  D-j  in  mm) 

with  Co  =  -  .27128 
Cl  =  +5.22306 
C2  =  -1.10757 
C3  =  +  .11115 
C4  =  -  .0046884 

Multiplying  the  terminal  velocities  Vj  by  the  respective 
mean  water  content  Mj  and  summing  the  products  over  all  droplet 
size  classes  yields  the  equivalent  rain  rate  ER: 


ER  =  .036 


in  mm/ hr 


The  equivalent  rain  rate  is  not  identical  with  the  rain 
rate  computed  from  the  water  level  collected  by  a  rain  gage  in  the 
artificial  rainfield.  This  is  so  because  most  droplets  in  the 
artificial  rainfield  do  not  reach  terminal  velocity  within  the  short 
distance  between  nozzle  and  rail. 


5.6  Exponential  Approximation  to  Droplet  Size  Distribution. 

Marshall  and  Palmer  (1948)  (Reference  5)  and  other 
researchers  (Reference  6  and  7)  have  approximated  the  droplet  size 
distribution  of  natural  rain  of  various  densities  by  an  exponential 
expression  of  the  general  form 

Ni  =  No  exp  (-Di  /  Dr) 

This  expression  yields  a  straight  line  on  semi-log  paper  with  the 
linear  abscissa  representing  the  droplet  size  class  i  and  the 
logarithmic  ordinate  representing  the  corresponding  number  of  droplets 
per  volume  of  air  in  the  size  class  Nj  .  This  line  intercepts  the 
ordinate  at  No  -  the  hypothetical  count  for  zero  diameter  droplets  - 
and  has  a  negative  slope  defined  by  the  reference  diameter  Dp. 
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^  ..in  r_». 


Marshall  and  Palmer  define  Dj^  in  terms  of  natural  rain  R: 

=  0.244  (R  in  mm/hr  and  in  mm) 

and 

=  8000(2aD)  (aD  in  mm  and  in  m"^  mm~^) 

The  droplet  distribution  of  the  artificial  rainfield 
follows  very  closely  an  exponential  expression  of  the  above  form. 
Therefore,  the  droplet  averages  of  each  of  nine  sample  rows  were 
used  to  compute  the  two  characterisitic  parameters  and  by 
the  least  squares  method  for  the  straight  line  approximation  in 
semi-log  presentation.  The  two  parameters  and  D|^  allow  to 
relate  the  rainfield  performance  to  natural  rain.  If  the  approxima¬ 
tion  of  natural  rain  by  Marshall  and  Palmer  is  chosen,  the  two 
characteristic  coefficients  of  the  computed  exponential  approxima¬ 
tion  are  interepreted  as 

R  =  (Dr/  0.244)"°-2^ 


and 


Fq  =  Ng/SOOO  (2aD) 


where  Fq  is  a  density  factor  by  which  the  "natural  rain"  is 
multiplied  to  fit  the  measured  data  of  the  artificial  rainfield. 

5.7  Estimated  Number  of  Droplets  Encountered  by  a  Target. 

Based  on  the  row  average  and  standard  deviation,  it  can  be 
estimated  how  many  droplets  of  each  size  range  a  target  can  expect 
to  encounter  traveling  through  a  given  length  of  rainfield.  The 
average  number  of  droplets  for  each  size  range  y..  is  proportional 
to  the  rainfield  length  L, 


where  the  subscript  s  stands  for  the  sample  length  S,  i.e., 
s  =  4  inch  x  75  exposures  =  25  ft. 

The  standard  deviation  a  is  proportional  to  the  square  root 
of  the  rainfield  length  L: 
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In  Figures  28-35  plots  are  presented  for  the  values  of  y.y  +  o,  and 
M  +  2a.  If  we  assume  a  normal  distribution  of  droplet  number 
occurrences  the  lo  and  2o  lines  represent  the  limits  of  the  68%  and 
95%  confidence  intervals  respectively.  These  plots  present  the 
values  which  a  test  specimen  of  6  inches  diameter  can  expect  to 
encounter  while  traversing  a  specified  distance.  Therefore  the 
sample  data  are  first  multiplied  by  the  ratio  of  the  specimen 
area  (28.27  sq  in)  to  the  sample  area  (9.43  sq  in)  which  is 
approximately  3.  The  sample  data  a*  are  multiplied  by  the  square 
root  of  this  ratio.  ' 

6.  PRESENTATION  AND  DISCUSSION  OF  TEST  DATA. 

For  test  sample  locations,  see  Figures  82  and  83. 

The  artificial  rainfield  data  are  all  normalized  to  one  cubic 
meter  of  air.  This  normalization,  however,  does  not  imply  that 
the  droplet  distribution  would  be  homogeneous  within  one  cubic 
meter  anywhere  in  the  rainfield.  The  user  of  the  data  has  to 
consider  that  the  presented  droplet  densities,  etc.,  apply  only 
to  the  space  near  the  sample  rows  they  refer  to.  For  larger  areas 
interpolation  of  applicable  sample  row  data  is  suggested.  A  6-inch 
diameter  target  for  instance,  with  its  center  5  inches  above  the 
rail,  would  have  to  travel  54.8  m  or  approximately  180  ft  to  inter¬ 
cept  with  one  m^  of  rainfield  of  density  indicated  for  sample  row 
10  to  26. 

For  the  interpretation  of  graphs,  it  must  be  noted  that  zero 
droplet  densities  are  located  at  the  bottom  line  of  the  graph  (since 
the  log  presentation  gives  no  provision  to  show  true  zero). 

6.1  Overview  of  Data. 

Figures  4  through  14  show  the  sample  location  averages  of 
droplet  densities  in  the  eight  size  classes  for  one  sample  row  per 
graph.  They  give  an  insight  into  the  variation  of  densities  within 
the  row  caused  by  the  varying  distance  from  the  nozzles  and  by 
differences  in  nozzle  performance  and  alignment. 

Figures  15  through  25  show  the  average  number  of  droplets 
per  cubic  meter  versus  droplet  size  class  over  each  of  the  nine 
sample  rows.  They  also  show  the  straight  line  least  squares 
approximation  (dashed  line)  to  the  droplet  density  distribution. 

The  two  characteristic  constants  of  the  linear  approximations, 

Nq  and  Df^  are  presented  in  the  summary  view  of  Figure  27.  Figure  15 
through  25  also  show  the  lines  of  y  +  lo  and  y  -  la  where  a  is  the 
standard  deviation  of  the  sample  averages  of  the  nine  sample 
locations  of  each  row.  These  lines  are  an  indicator  for  the  variation 
of  droplet  densities  within  each  sample  row.  Figure  26  shows  how  the 
sample  rows  are  located  compared  to  the  target  areas  of  five  typical 
monorail  sleds. 
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Figure  27  gives  a  summary  of  rainfield  data  associated  with 
the  nine  row  locations. 

6.2  Density  of  Sample  Locations  for  Test. 

In  order  to  determine  if  it  was  sufficient  to  set  the  sample 
spaces  12  inches  apart,  or  if  a  closer  spacing  was  required  for  the 
analysis,  the  center  row  directly  above  the  rail  (locations  10-26) 
was  sampled  with  6-inch  sample- to-sample  spacing.  Comparison  of 
row  averages  for  6- inch  spaced  sample  volumes  (all  locations)  and  for 
12-inch  spaced  sample  volumes  (even  numbered  locations  only)  show 
(see  Figures  2  and  3)  that  a  12-inch  spacing  is  sufficient  for 
obtaining  good  data,  as  the  row  averages  as  well  as  the  standard 
deviations  are  almost  identical. 

6.3  Optimum  Nozzle  Pressure. 

Comparing  the  rainfield  performance  by  the  three  different 
pressure  settings,  two  characteristics  were  considered: 

a.  How  well  does  the  drop  size  distribution  compare  with 
model  rain? 

b.  How  homogeneous  is  the  spray  pattern  a  test  specimen 
will  encounter. 

Consideration  of  a:  Figures  5  through  7  and  16  through 
18  show  that  with  increasing  pressure,  the  spray  consists  of  more 
small  droplets  and  less  large  droplets.  This  trend  makes  a  low 
pressure  spray  more  desirable  for  testing  in  a  rainfield  which 
requires  simulation  of  heavy  rains  which  according  to  References  3, 

6, and  7  contain  higher  densities  of  large  droplets. 

Consideration  of  b:  Figures  5,  6,  and  7  show  that  for 
the  specific  set  of  nozzles  selected  the  most  homogeneous  distribution 
along  the  track  is  obtained  at  a  pressure  of  5  psi. 

For  a  rainfield  output  simulating  heavy  rain  and  a 
homogeneous  spray  pattern,  a  nozzle  pressure  of  5  psi  appears  most 
desirable. 

6.4  Catalog  of  Data. 

Tables  1  through  9  represent  a  catalog  of  data  for  all  nine 
rows  of  sample  locations.  The  first  nine  data  columns  of  each  table 
present  the  processed  data  for  each  sample  location,  normalized  to 
one  cubic  meter.  ER  is  the  equivalent  rain  rate  (para  5.5)  in  mm/hr, 
LWC  the  liquid  water  content  (para  5.2)  in  grams/cubic  meter,  MMD 
the  median  mass  diameter  in  mm  (para  5.3)  and  N  (drop  size  class)  is 
the  number  of  droplets  per  cubic  meter  in  the  eight  drop  size  classes 
from  0.5  to  4.0  mm,  each  class  with  a  range  of  +  0.25  mm. 
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The  tenth  data  column  lists  the  row  averages  of  all  other 
data  columns. 

The  data  show,  as  should  be  expected,  that  with  increasing 
height  over  the  rail,  i.e.,  for  sample  volumes  closer  to  the 
nozzles,  the  spray  pattern  becomes  less  homogeneous.  Also,  there 
are  areas  of  high  incidence  of  large  droplets  on  some  sample 
locations  closer  to  the  nozzles.  These  large  droplets  appear  to 
break  up  into  smaller  ones,  as  they  fall. 

6.5  Estimation  of  Droplets  Encountered  During  a  Sled  Run. 

1  Figures  28  through  35  present  graphs  of  the  expected  number 
of  droplets  of  the  eight  drop  size  classes  versus  the  distance,  a 
sled  with  a  6-inch  diameter  target  area  (see,  also.  Figure  26)  may 
encounter  going  through  the  rainfield.  Also  plotted  on  these 
graphs  are  the  sigma  and  2-sigma  deviation  (68*  and  95*  confidence 
limits)  from  the  expected  number  of  droplets.  These  graphs  are 
based  on  the  data  collected  from  sample  volumes  10  through  26  at 
5  psi  nozzle  pressure. 

A  word  of  caution  is  indicated  in  the  use  of  these  craphs 
for  the  estimation  of  droplet  numbers  of  the  3.5  and  4  mm  size 
classes.  As  seen  from  Tables  1  through  9,  Figures  4  through  14, 
and  especially  from  Table  10,  there  was  a  high  incidence  of  zero 
counts  in  these  size  classes.  With  the  number  of  samples  taken, 
the  droplet  count  frequency  distribution  was  far  from  a  normal 
distribution. 

7.  CONCLUSION 

All  the  data  presented  were  collected  under  zero  wind  conditions. 
Presently,  sled  testing  through  the  rainfield  is  performed  only  at 
calm  wind  conditions  with  wind  components  across  the  track  not 
exceeding  3  knots  and  wind  components  in  track  direction  not 
exceeding  5  knots.  These  limits  are  bf.sed  on  overall  observations 
of  spray-pattern  deviations.  It  appears  highly  desirable  to 
extend  the  presently  available  data  into  a  known  wind  environment. 
This  could  be  done  by  the  use  of  the  described  test  set  up  in  an 
open  area  under  various  wind  conditions.  A  conversion  of  the  droplet 
counter  to  automatic  punched  card  output,  which  is  in  progress,  will 
greatly  accelerate  the  data  processing.  In  addition  to  testing,  a 
computer  simulation  of  droplet  trajectories  under  the  presence  of 
wind  may  provide  the  base  for  an  assessment  of  rainfield  performance 
deterioration  due  to  wind. 
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Table 


3,  5  mm 


9  Locations 

17  Locations 

Number  of 
Drops/lO-Sec 

0 

1 

2 

3 

0 

1 

2 

Frequency 

336 

94 

15 

4 

647 

164 

29 

Relative 

Frequency 

74.8 

20.9 

3.3 

0.9 

76.  3 

19.3 

3.4 

Number  of 
Samples: 

449 

848 

Number  of 
Drops/lO-Sec 

0 

4,  0  mm 

9  Locations 

1  2 

3 

0 

17  Locations 

1  2 

Frequency 

406 

40  3 

0 

767 

76  5 

Relative 

Frequency 

90.4 

8.9  0.7 

0 

90.4 

9.0  0.6 

Number  of 
Samples: 

449 

848 

Frequency  of  Occurrence  of 
3.5  and  4.0  rnm  Drops  in  Locations  10-26 

Table  10 
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Figure  1 

^  SECTION  OF  RAINFIELl)  (looking  North) 

Note  feed  line  (left  hori/.ontal  pipe),  the  two  manifolds 
with  the  two  different  height  risers  and  the  pump 
house  at  the  right. 
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Figure  3 


Standard  Deviation  of  Number  of  Drops 
vs  Drop  Size  Class 

Locations  10-26 
Nozzle  Pressure  5.0  psi 

Locations  spaced  6" 
Locations  spaced  12" 
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Figure  6 

Average  Drop  Density  vs  Sample  Location  10-26 
for  Drop  Size  Classes  0.5  to  4mni 
Nozzle  Pressure  5  psi 
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Figure  12 

Average  Drop  Density  vs  Sample  Location  63-71 
for  Drop  Size  Classes  0.5  to  4mm 
Nozzle  Pressure  5  psi 
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ARITHMIC 


Figure  15 

Average  Drop  Density  vs  Drop  Size  Class 
Sample  Locations  1-9 
Nozzle  Pressure  5  psi 

—  Least  Square  Exponential 
Approximation 


SEMI-LOGARITHMIC 
KEUFFEL  &  ESSCR  CO. 


Figure  16 


Average  Drop  Density  vs  Drop  Size  Class 
Sample  Locations  10-26 
Nozzle  Pressure  3.5  psi 

Least  Square  Exponential 
Approximation 
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Figure  17 


Average  Drop  Density  vs  Drop  Size  Class 

Sample  Locations  10-26 
Nozzle  Pressure  5  psi 

— -  Least  Square  Exponential 
Approximation 


Figure  18 


Average  Drop  Density  vs  Drop  Size  Class 

Sample  Locations  10-26 
Nozzle  Pressure  6.5  psi 

---  Least  Square  Exponential 
Approximation 
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Figure  19 

Average  Drop  Density  vs  Drop  Size  Class 

Sample  Locations  27-35 
Nozzle  Pressure  5  psi 


Squtr*  Exponent  111 
Approx Imat ion 


Figure  20 

Average  Drop  Density  vs  Drop  Size  Class 

Sample  Locations  36-44 
Nozzle  Pressure  5  psi 

—  Least  Square  Exponential 
Approximation 
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Figure  21 

Average  Drop  Density  vs  Drop  Size  Class 

Sample  Locations  45-53 
Nozzle  Pressure  5  psi 

—  Least  Square  Exponential 
Approximation 


SEMI-LOGARITHMJC  5  CYCLES  X  70  DIVISIONS 

KEUFFEL  &  LSSER  CO.  made  IN  USA 
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Figure  23 

Average  Drop  Density  vs  Drop  Size  Class 

Sample  Locations  63-71 
Nozzle  Pressure  5  psi 

—  Least  Sguart  Ejpon#ntial 
ApprflKinwrlBTi 
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Figure  24 

Average  Drop  Density  vs  Drop  Size  Class 

Sample  Locations  72-80 
Nqzjite  5  psi 

---  Squere  fxpqrwittiil 

Apprtjjiintatlon 


Figure  25 

Average  Drop  Density  vs  Drop  Size  Class 

Sample  Locations  81-89 

No£z1e  Presuirt  S  pit 

•  least  Square  lunDnefitial 
ApproKimdttfNT 
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FIGURE  26 

TARGET  AREAS  OF  TYPICAL  SLEDS 
Relative  to  the  Nine  Rows  of  Sample  Locations 

6"  MONORAIL  C;  16"  MONORAIL  E:  24"  GOOSENECK 

9"  MONORAIL  D:  12"  GOOSENECK 
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FIGURE  27 
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Average  Sample  Row  Data  at  the  9  Test  Rows 

Zero  Droplet  Count  of  Exponential  Distribution  Approximation 
Reference  Diameter  of  Exponential  Distribution  Approximation 

Equivalent  Rain  Rate 
Liquid  Water  Content 
Median  Mass  Diameter 


48 


20  X  20  TO  THE  INCH  358-10V2 

KCUFFEC  ft  C9SER  CO. 


Upected  Nunwr  of  Drops 
Length  af  EU Infield 


Encountered  by  a  Target  of  6  in  Diameter 


Nozzle  Pressure  5.0  psi 
Drop  Size  Class  0.5mm 


Length  of  Hpinfleld  in  Ft 


to  X  20  TO  THE  INCH  398-10'/^ 

KCU^^Ci.  A  eSSCR  CO.  ••wii<«w  )  « 


Figure  29 


Expected  Number  of  Drops 
vs  Length  of  Rainfield 

Encountered  by  a  Target  of  6  in  Diameter 

Nozzle  Pressure  5.0  psi 
Drop  Size  Class  1.0mm 


Length  of  Rainfield  in  Ft 
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Figure  30 
Nuntber  of  DropK 
VI  Lei^ViH  of  FUj-tnfieTa 
EiiOiHJntered  ha  a  Target  of  fi  in  Diameter 
Not:2le  Pressure  5.0  psi 


Figure  31 


Expected  Number  of  Drops 
vs  Length  of  Rainfield 

Encountered  by  a  Target  of  6  in  Diameter 

Nozzle  Pressure  5.0  psi 


Drop  Size  Class  2.0mm 


Length  of  Rainfield  in  Ft 
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Figure  32 

Expected  Number  of  Drops 
vs  Length  of  Rainfield 

Encountered  by  a  Target  of  6  1n  Diameter 

Nozzle  Pressure  5.0  psi 


Length  Of  Rainfield  In  Ft 
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Figure  33 


Expected  Number  of  Drops 
vs  Length  of  Rainfield 

Encountered  by  a  Target  of  6  In  Diameter 

Nozzle  Pressure  5.0  psi 


Drop  Size  Class  3.0mm 
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Figure  34 

Expected  Number  of  Drops 
vs  Length  of  Rainfield 

'ncountered  by  a  Target  of  6  in  Diameter 

Nozzle  Pressure  5.0  psi 

Drop  Size  Class  3.5mm 


Figure  35 

Ejipecte4  Number j  of  Orept 
«  Lenfltb  of  RiinHeld 

Encountered  a  Target  of  R  In  Otenetor 

NoirVe  Pretiture  psi 

Crop  51f«  A,tm 


Length  of  Rotnfteld  In  ft 


APPENDIX  A 


ARTIFICIAL  RAINFIELD  PHYSICAL  LAYOUT 


The  artificial  rainfield  (Figure  1)  provides  a  water  spray 
pattern  over  a  selectable  length  of  the  Test  Track's  west  rail  for 
testing  of  targets  mounted  on  monorail  sleds.  The  length  of  the 
rain  field  is  made  up  of  400-ft  sections  which  routinely  form  a 
rain  simulation  facility  up  to  6,000  ft  long.  If  required,  this 
length  can  be  extended  up  to  18,000  ft.  The  rainfield  starts  at 
approximately  13,700  feet  from  the  south  end  of  the  test  track 
extending  North.  This  allows  sufficient  length  of  track  for 
acceleration  of  sleds  before  entering  and  for  recovery  after 
leaving  the  rainfield. 

The  rainfield  is  constructed  chiefly  from  components  designed 
for  large  irrigation  systems.  Aluminum  pipes  with  quick-connect 
couplings  are  used  for  supply  lines  and  for  the  manifolds  of  the 
400-ft  sprinkler  sections. 

The  artifical  rainfield  consists  essentially  of  four  parts: 

a.  The  water  supply  system 

b.  The  water  distribution  system 

c.  The  sprinkler  system 

d.  The  automatic  control  system. 

The  water  supply  system  receives  its  water  from  the  Holloman 
utility  main  line  at  a  maximum  rate  of  approximately  800  gallons 
per  minute.  (See  Figure  Al)  This  flow  rate  would  be  sufficient  only 
for  small  sections  of  rainfield  and,  in  practice,  is  only  used  for 
testing  selected  sections.  A  25,000  gallon  tank  which  is  filled  from 
the  utility  line  supplies  the  water  during  normal  rainfield  operation. 

A  600  hp  pump  feeds  the  water  into  the  distribution  system.  Two 
motor  controlled  valves,  one  in  a  return  line  to  the  tank  and  one 
in  the  main  supply  line  control  the  pressure  in  the  distribution  system. 
A  pump  house,  located  beside  the  water  tank  on  the  east  side  of  the 
track,  houses  the  pump  and  all  associated  valves  and  piping.  A 
12-inch  main  line  feeds  the  water  for  the  rainfield  from  the  pump 
house  under  the  track  to  its  west  side  where  it  connects  to  the 
distribution  system. 

The  water  distribution  system  (Figure  A2)  first  divides  the 
main  line  into  two  branches  going  north  and  south  at  track  station 
23,747  (track  station  is  a  location  at  the  track  measured  in  feet 
from  its  south  end).  Each  branch  starts  with  a  manual  valve 
allowing  to  cut-off  either  one  of  the  branches.  Immediately  down¬ 
stream  from  these  valves,  the  lines  divide  into  two  8-inch  parallel 
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lines  extending  north  to  track  station  24,300  and  south  to  track 
station  20,290  where  either  pair  merges  into  one  8-inch  line 
continuing  to  track  stations  31,500  and  13,840,  respectively. 

The  sprinkler  system  consists  of  45  sections  of  400-ft  length. 

Each  section  is  made  up  of  two  manifolds,  one  equipped  with  50 
high  risers  and  one  with  50  low  risers.  The  risers  on  each  mani¬ 
fold  are  spaced  8  feet  apart.  High  and  low  risers  are  evenly 
staggered  such  that  a  spacing  of  4  feet  between  alternating  high 
and  low  risers  results.  Figure  A3  shows  a  rainfield  cross  section 
giving  the  essential  dimensions.  40  sections  of  rainfield  use 
manifolds  of  4  inches  diameter.  The  remaining  5  sections  use  mani¬ 
folds  of  6  inches  diameter.  They  are  located  closest  to  the  main 
supply  line  between  track  stations  22,496  and  24,496.  These 
sections  are  intended  for  simulation  of  extremely  heavy  rains. 

Each  400  ft  section  can  be  disconnected  and  tilted  down  to  the 
west  of  the  track  in  order  to  avoid  interference  with  track  missions 
requiring  larger  clearance.  Two  remotely  controlled  solenoid  valves 
(Figure  A4)  allow  the  operator  to  turn  off  either  manifold  of  a 
section.  A  common  motor  controlled  valve  and  associated  pressure 
transducer  provide  the  means  for  remote  pressure  control  of  each 
rainfield  section. 

The  automatic  control  system  is  located  in  a  blockhouse  (ECHO) 
under  the  landfill  of  the  track  near  track  station  24,000.  A  control 
console  terminates  all  signals  from  sensors.  These  include  the 
position  indicators  of  the  pump  house  valve  control  motors,  and  the 
pressure  transducers  in  the  400-ft  section  manifolds  and  the  main 
supply  line.  From  the  control  console  also  initiate  all  control 
signals  to  the  valve  control  motors  and  the  solenoid  valves  of  the 
400-ft  manifolds.  The  console  further  contains  meter  displays  of 
all  pressure  signals  and  the  zero/span  adjustments  of  the  pressure 
transducers. 

A  minicomputer  (POP  8/f)  with  associated  interface  provides  the 
means  for  automatic  checkout,  stand  by,  and  operation  of  the  rainfield. 
Through  a  teletypewriter  it  also  furnishes  a  list  of  all  pressure 
settings.  By  program  control  all  rainfield  sections  required  for  a 
test  are  brought  into  standby  status  by  filling  them  with  water  until 
a  pressure  just  below  the  nozzle  discharge  pressure  is  reached.  By 
this  procedure,  the  considerable  amount  of  water  required  to  fill  the 
lines  can  be  obtained  from  the  main  utility  line.  Upon  command,  the 
computer  then  starts  the  pump  and  opens  up  the  valves  to  their  pre¬ 
programmed  manifold  pressures.  A  computer  printout  provides  all 
pertinent  information  on  manifold  pressure  at  the  time  of  the  sled 
run. 
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T.S.  31505 


Single  8"  Supply  Line 


T.S.  24300 


T.S.  23747 


From  Pump  House 


Double  8"  Supply  Lines 
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Single  8"  Supply  Line 


FIGURE  A2 

WATER  DISTRIBUTION 
SYSTEM 
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Manifold  for  High  Risers 


Manifold  for  Low  Risers 
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FIGURE  A4 
PRESSURE  CONTROL 
FOR  MANIFOLDS 


APPENDIX  B 


TEST  FIELD  PHYSICAL  LAYOUT 


The  test  field  (Figure  Bl)  duplicates  one  representative 
increment  of  a  400-ft  section  of  rainfield  in  a  wind  protected 
shelter.  The  sprinkler  system  consists  of  two  20-ft  long  4-inch 
manifolds,  one  equipped  with  two  high  risers  and  the  other  one 
with  three  low  risers.  Together  they  form  a  system  of  a  4  foot 
spaced  alternating  low  and  high  risers.  Low  risers  were  equipped 
with  Spraying  System  Company  #1/4HH14W  nozzles  and  high  risers 
with  Steinen  #SSM151W  nozzles.  As  the  two  outermost  nozzles 
provide  for  the  necessary  spray  overlap,  an  increment  of  8-ft 
length  representative  of  the  track's  rainfield  results.  Water 
was  supplied  from  a  large  storage  tank  through  an  impeller  type 
pump  and  pressure  regulator.  Pressure  is  referenced  to  the 
nozzle  of  the  risers. 

The  droplet  counter  was  kept  stationary  and  the  sprinkler 
system  was  moved  relative  to  the  counter  to  obtain  the  sample 
locations  of  Figures  B2  and  B3. 


Figure  B1 

Test  Field  and  Droplet  Counter 
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FIGURE  B2 

RAINFIELD  TEST  SETUP 
SAMPLE  VOLUME  LOCATIONS  -  SIDE  VIEW 


APPENDIX  C 


ALGORITHM  FOR  DROPLET  COUNTER  EDGE  CORRECTION 


This  process  first  increases  the  largest  size  droplet  count 
dividing  it  by  (1  -  sum^),  then  decreases  the  count  of  all  smaller 
droplet  classes  by  subtracting  a  portion  X^-A^j  of  their  previous 
count.  The  process  is  repeated  through  all  dnjplet  size  classes 
from  the  largest  one  down.  The  algorithm  is  pictured  in  Figure  10 
and  the  corresponding  array  of  coefficients  is  presented  in 
Table  Cl. 
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